CLAIMS 
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Having thus described my invention, what I 
claim as new and desire to secure by Letters Patent 
is as follows: 



1. A method of protecting a flowable oxide in a 
semiconductor device, sa:.d method including the 
steps of 

depositing a flowab] 
a substrate, said substrajte having a substrate 



,e oxide insulator layer on 



surface and a stud, said 
conductive, said flowable 



stud being electrically 
oxide insulator layer 



having a upper FOX insulator layer surface. 



etching said flowabl 



oxide insulator layer to 



^^r layer and by said 
exposing said stud, 
Lve layer on said 



igh 



form a trough substantial]jy defined by sidewalls of 
said flowable oxide ins\ 
substrate surface, saic 

forming a primary \pr*o« 
sidewalls of said flowable oxide insulator layer, 
said primary protective layer preventing the 
exposure of the flowable oxide insulator layer to 
moisture and lithographic ijesist developers, said 
primary protective layer bejing impervious to copper 
extrusion, and 

forming a secondary prbtective layer in said 
trough upon said primary protective layer and upon 
said substrate surface, said secondary protective 
layer being in electrical cQmmunication with said 
stud. 
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1 2. The method of protecting a flowable oxide as 

2 claimed in claim 1, wherein the step of etching the 

3 flowable oxide insulator layer to form a trough 

4 forms a plurality of trouqhs, each one of said 

5 plurality of troughs defirkd by said sidewalls of 

6 said flowable oxide insulator layer and by said 

7 substrate surface. 1 

1 3. The method of protecting a flowable oxide as 

2 claimed in claim 1, wherein! said primary protective 

3 layer is discontinuous within said trough and said 

4 secondary protective layer is continuous within said 

5 trough . /l^ 

1 4. The method of protecting kAfiewable oxide as 

2 claimed in claim 1, f urther^omprising the step of 

3 oxidizing said upper FOX insiklator layer surface, 

4 thereby forming a oxidized FOX layer, 

1 5. The method of protecting al flowable oxide as 

2 claimed in claim 4, wherein skid upper FOX insulator 

3 layer surf ace is oxidized in I an 02 plasma. 

1 6. The method of protecting a Iflowable oxide as 

2 claimed in claim 4, wherein said oxidized FOX layer 

3 is less than 500 Angstroms thick. 

1 7. The method of protecting a fllowable oxide as 

2 claimed in claim 4, further comprising the step of 

3 forming a oxide layer on said oxidized FOX layer. 
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1 8. The method of prot4cting a flowable oxide as 

2 claimed in claim 7, wherein said oxide layer is 

3 formed by low plasma cp^emical vapor deposition. 

1 9. The method of protecting a flowable oxide as 

2 claimed in claim 7, wherein said trough is formed 

3 after said oxidized FOX layer is formed and after 

4 said oxide layer is forped. 

1 10. The method of protecting a flowable oxide as 

2 claimed in claim 9, wherein said primary protective 

3 layer is formed by oxidilzing said sidewalls of said 

4 flowable oxide insulator! layer. 



1 

2 
3 
4 
5 



11. The method of proteeting a flowable oxide as 
claimed in claim 9, wner4i]fi said trough is formed by 
a reactive ion etch with IfTuarbcarbon gases and said 
primary protective laygp^is formed during said 
reactive ion etch. 



1 12. The method of protecting a flowable oxide as 

2 claimed in claim 9, wherein said primary protective 

3 layer is formed by the sair^e process used to form 

4 said oxidized FOX layer. 

1 13. The method of protecting a flowable oxide as 

2 claimed in claim 9, wherein said primary protective 

3 layer is less than 500 Angsttroms thick. 

1 14. The method of protecting a flowable oxide as 

2 claimed in claim 9, further Icomprising the steps of 

3 depositing a conductor in said trough and smoothing 
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4 said conductor and said 

5 even planar surface by 

6 layer, said conductor 

7 communication with said 



oxide layer thus forming an 
slaid conductor and said oxide 
bejing in electrical 

econdary protective layer. 
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15. The method of protecting a flowable oxide as 
claimed in claim 14, wherein said conductor is 



copper, 



protecting 



16. The method of 
claimed in claim 14, 
said conductor and said 
polishing. 



whei-e 



a flowable oxide as 
in said step of smoothing 
ide layer is performed by 




17. The method of protifectliria a flowable oxide as 
claimed in claim 14, flurthJk^mprising the steps of 

depositing a nitri4e /layer on said even planar 
surface, 

depositing another f jLowable oxide insulator 
layer on said nitride lay(ir, said another flowable 
oxide insulator layer hav .ng another upper FOX 
insulator layer surface, 

oxidizing said anothtir upper FOX insulator 
layer surface, thereby foiming another oxidized FOX 
layer, 

forming another oxide 
oxidized FOX layer, 

etching said another 



oxidized FOX layer, said another flowable oxide 



layer on said another 



oxide layer, said another 



insulator layer, and said 
another trough substantial 



litride layer to form 
Ly defined by another 
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sidewalls of said anothfer flowable oxide insulator 
layer and by said even planar surface, 

forming another primary protective layer on 
said another sidewalls of said another flowable 
oxide insulator layer, said another primary 
protective layer preventing the exposure of said 
another flowable oxide insulator layer to moisture 
and lithographic resist developers, said another 
primary protective layer j being impervious to copper 
extrusion, 

forming another secdndary protective layer in 
said another trough upon Isaid another primary 
protective layer and upon said even planar surface, 
said another secondar^y^JryBfective layer being in 
electrical communication with said conductor, 

depositing another ctmductor in said another 
trough, said another cbxtductor being in electrical 
communication with said ar other secondary protective 
layer, and 

smoothing said another conductor and said 
another oxide layer thus f Drming another even planar 
surface by said another co|iductor and said another 
oxide layer. 

18. The method of protectirlg a flowable oxide as 
claimed in claim 17, whereip said another oxide 
layer is thicker than said pxide layer, 



1 19. The method of protecting a flowable oxide as 

2 claimed in claim 17, whereim said another flowable 

3 oxide insulator layer is thijcker than said flowable 

4 oxide insulator layer. 
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ecti 



1 20, The method of protdcting a flowable oxide as 

2 claimed in claim 19, whjerein said another trough has 

3 multifaceted contours. 
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21, The method of protecting a flowable oxide as 
claimed in claim 17, wh(»rein said secondary 
protective layer and said another secondary 
protective layer are formed from Tantalum 
Nitride/Tantalum. 

22. A method of protecting a flowable oxide in a 



semiconductor device, sa 
steps of 

depositing a flowab 
a substrate, said subs 
surface and a stud, piid s 
conductive, said flowable 
having an upper FOX i^qsu, 
etching the flowable 



Id method including the 



.e oxide insulator layer on 
having a substrate 
ud being electrically 
e insulator layer 
tor layer surface, 
oxide insulator layer to 



form a trough defined by sidewalls of said flowable 



oxide insulator layer and 
said trough exposing said 



by said substrate surface, 
stud, 



forming a primary protective layer on said 



sidewalls of said flowablo 
said primary protective Ic 



oxide insulator layer, 
yer preventing the 



exposure of the flowable cxide insulator layer to 



moisture and lithographic 



resist developers, said 



forming a supplementa 
primary protective layer. 



primary protective layer bjeing impervious to copper 
extrusion. 



L protective layer on said 
said supplemental 
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protective layer being 
lithographic resist dev 



impervious to moisture, 
elopers, and copper 



extrusion, said supplemental protective layer 
improving adhesion with a metallic conductor, and 
forming a secondary protective layer in said 
conductive trough upon said supplemental protective 
layer and upon said substrate surface, said 



secondary protective la^ 
communication with said 



er being in electrical 
stud. 



23. The method of protecting a flowable oxide as 
claimed in claim 22, wherein said supplemental 
protective layer is formed by nitridizing said 
primary protective layer 

24. The method of pr^^ec^ing a flowable oxide as 
claimed in claim 22, wherein said supplemental 
protective layer is formed by treating said primary 



protective layer with si] 



25. The method of protecting a flowable oxide as 



icon carbide. 



claimed in claim 22, wher 
protective layer is formal 



protective layer with sil icon nitride. 



protecting 



where in 



25. The method of 
claimed in claim 22, 
layer and said supplementajl 
discontinuous within said 
protective layer is conti 



in said supplemental 
by treating said primary 



a flowable oxide as 
said primary protective 
protective layer are 
trough and said secondary 
s within said trough. 



inuou 



FI9-99-128 



34 



2S7'. An integrated circuit semiconductor device 

/ including 

p \ a substrate having a substrate surface, 

4 \a flowable oxide insulator layer upon said 

5 substrate surface, 

6 a Vrough, 

7 sidewalls of said flowable oxide insulator 

8 layer, \ 

9 a primary protective layer on said sidewalls of 

10 said flowabl^ oxide insulator layer/ said primary 

11 protective layer preventing the exposure of said 

12 flowable oxide Vnsulator layer to moisture and 

13 lithographic res\st developers, said primary 

14 protective layer Wing impervious to copper 

15 extrusion, and \ 

16 a secondary protective layer on said primary 

17 protective layer and on said substrate surface, said 

18 secondary protective layer being electrically 

19 conductive. \ 

1 28. The integrated circuit semiconductor device as 

2 claimed in claim 27, further comprising, 

3 an oxidized FOX layer upon said flowable oxide 

4 insulator layer, \ 

5 an oxide layer upon said Vxidized FOX layer, 

6 a conductor in said trough, said conductor and 

7 said oxide layer forming an evem planar surface, 

8 said conducibor being in electricaV communication 

9 with said secondary protective layer, and 

10 a nitride layer upon said evem planar surface. 
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1 29\ The integrated circuit semiconductor device as 

2 claitaed in claim 28, further comprising a second 

3 damas^ne layer, said second damascene layer 

4 comprising, 

5 another flowable oxide insulator layer upon 

6 said nitrrde layer, 

7 anothek oxidized FOX layer upon said another 

8 flowable oxide insulator layer, 

9 another trough, 

10 another sijdewalls of said another flowable 

11 oxide insulator \ayer, 

12 another primary protective layer upon said 

13 another sidewalls, \said another primary protective 

14 layer preventing thev exposure of said another 

15 flowable oxide insulator layer to moisture and 

16 lithographic resist d^elopers, said another primary 

17 protective layer being \mpervious to copper 

18 extrusion, \ 

19 another secondary prVtective layer upon said 

2 0 another primary protectiveVLayer and upon said even 

21 planar surface, said anotheX secondary protective 

2 2 layer being in electrical comtiunication with said 

23 conductor, and \ 

24 another conductor in said Another trough, said 
2 5 another conductor being in eleclVical communication 
2 6 with said another secondary prot^tive layer. 

1 30. The integrated circuit semiconductor device as 

2 claimed in claim 29, wherein said another trough is 

3 a dual damascene trough. 
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Sir^^'^ni^e integrated circuit semiconductor device as 
claimed aim 27, further comprising a 

supplemental pi^o^ctive layer on said primary 

4 protective layer, supplemental protective layer 

5 being impervious to moi^^fe^re, lithographic resist 

6 developers, and copper extru&4;On, said supplemental 

7 protective layer improving adhesion with a metallic 

8 conductor . 
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